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Cultivation of higher plants for the specific purpose of fuel production is not
economically feasible @t present (Benemann, 1978), However, cultivation of
higher plants for use in wastewater treatment, and incorpormtion of these plinis
into o system where the biomass is harvested for fuel production is economically
wppealing at the present tmes Since this bivmass is o by-product of wastewnter |
treatment, it has a positive environmental impact, and thus poses no threat as a
competitor o food, feed, or fiber-producing plants.

The National Aeronautics and Space Administration (NASA) has developed
and i operating vaseular pguatic plant wastewater trestment systems for both
domestie and chemicul wasies of the Nationsl Space Technology Laboratonics
(MNETLY {Wolverion and MeKown, 1976; Wolverton and MeDonald, 1977, 197%,
I, eb. As o part of this program und Lile Sciences study, NASA has investigaled
i variety ol plants which have al least one common characteristic, i.¢., a high
patentinl productivity when cullivated and harvested 1o schieve optimnl growth
conditions. During the past 5 yr that these systems have been in operation, NASA
his been continuously searching for the most productive means of using the
harvested plant biomass. One such method of using the biomass by-product from
adquatie plant wastewiter reniment syslems i the conversion of the plant material
imta methane through anaerobic digestion. The energy produced from biomuss
digestion con be used for neration and other wistewiler treatment energy re-
quirements as well as other energy-consuming needs such as heating, cooking,
vl ot sder. The residual sludge from the digesters con alsoe be used for feriil-
izer, feed products, ete,

The conversion of waste material, particularly animal manure, hivs been studied
for many vears, The microbial degradation processes involved in anaerobic diges-
Lo can be found in studies by Boswell (19471, Ghosh and Klass (1976), and
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Cihosh and Pohland {1974), Two-phose digestion sysiems 1o provide optimal con-
ditions for the acid-forming and methane-producing microorganisms were re-
searched by Pohland and Ghosh (1971) in onelon w reduce the overall digestion
time, The highlights of the eritical parameters o be noted and controlled have
bewn organized by the National Academy of Sciences (1977), Jolhinson (1977), and
Singh (1971 into hundbooks for the general public,

MASA's original studies on the bioconversion of water hyacinth {Eichhornin
crassipes ) into methane in 1975 consisted of simple batch fermentations requiring
long digestion periods of 90<120 d (Wolverton et al., 19750 In an effort (o mini-
mize the digestion time, recent stedies have focused on 2-phase digestion cham-
bers using the anacrobic lilter concept first demonstrated by Young ond MeCarty
{19649} for reducing the biochemical oxygen demand (BOD) of wastewatar. Im-
provement of the anierobic filter technique for the ropid removal of low concen-
trations of BODY in wastewater has been made by Genung et al. (1979), Koon ¢
all. (1979 and Switzenbawim and Jewell { 1978,

In the following cxperiments, the 2-phase digester system consisted of a first
chamber contisining the pulp (fiber), water, and plant julces from the blending
process and a second chamber, the “anacrobic filter,” consisting of a vessel
packed with inert pea gravel which provides an extensive surface area for re-
ceiving only liquids from the fiber-containing chamber. The second chamber for
the ammerobic [ler nlso serves as on solation chamber Tor anaerobic bBacterin
when the first chamber is emplied and restocked,

Witer hyacinth {Fichhorala crassipes), duckweed (Spirodeda sp. wnd Lemo
sp.) and water pennyworl (Mydrocotvle ranencilvides) were the aguatic plants
used in the study. The highly prolific tervestrial plant Puericria fobata, commonly
relerred Lo as kudzu, was also studied, The kudzu vine is a terrestrial plani which
covers thousands oF seres in southern and central siates of the United Sintes.
Kudzu possemses severnl characteristics which make it an ideal candidate for
energy furms, It reproduces rapidly by either vegetative means or seeds, 1 is an
aggressive plant as evidenced by its resistance to eradication. Since the kudzu
vine is o legume, it can thrive in poor oil thit is useless Tor agriculiure and
actually improves the land by restoring nitrogen to the soil. Due to its long roots,
kudzu can also withstand droughts, Definitive growth rates on the kudzu vine are
not availiable. NASA at NSTL has noted that o kudzu vine can produce 1-1.5

of new vine ench duy with an average mass of 3.7 g (dey weight il {(Wolverion,
140 !

MATERIALS AMDY METHODS

Waler hyacinth, duckweed and witer pennywort used in these experiments
were grown on sewnge ligoons located ot the Mational Space Technology Lah-
orutones, Kudeu vines were collected from felds near NSTL for expeniment #8
wnd from experimental growth study sites on NSTL for #°s 9 and 10, The whole
plants for the ngquatic species and only the senal portion for the temestrial species
were blended into a slurry with approximately | ml of tap water per g wel plant
und ploced into an B0 glogs vessel, This vessel contuined small pea gravel, 9 cm
deep, in the botlom. The Bl vessel was connected 10 a 730ml glass vessel (an-
werobic Nier) which was Nlled with small pea gravel (Fig. 1). Fifvy ml of bacterial
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Fig. 1. Two-singe annerobiy digesicr system for producing meibane,

seed solution From an onsgoing anserobic digester wus added o the Initial starts
up batch, Liguid from the 81 vessel was pumped through the anaerobic flter and
recyvieled through the large vessel comtinuously B hr per day, The anserobic flier
wits kept sealed as new batches of plant material were added to the digester, The
digestion femperatunrg was maintained at 37+ 1950 using an incubator, Gay sam-
ples were taken through the rubber septum and analyred with 3 Fisher-Hamilton
Chng Partitioner Model 29, The total yolume of gos produced was measured as the
volume of water displaced. The initial plant samples were analyzed by Raltech
Scientific Services, Plants used in subsequent experiments were collected from
the same growth areas with the exception of kudiu,

The sollds content of the fresh biomass was determined by drying appropriale
plant samples to a constant weight at [C in u forced air oven. The solids
content of the plants were as follows: witer hyacinth, 5006, water pennywort,
S0 duckweed, 4,89 kudzu near NSTL, 20006%; and kudzu on NSTL, 16,06,
The difference in the solids content of the ko vines wis probably doee (o the
age of the vines. The vines collecied from neighboring fields were longer and
aluder tham thoso collected on NETL.,

HESLLTS AN IS0 LSSI0N

Mine experiments were conducted 1o determine the digestion times and the
tobil volwme of melhune that con be asbimined Toom waler hh’lll.-"‘l'ﬁl'l. Wl -
nywaorl, kudzu and a combination of duckweediwater hyacinth using the pnaer-
abic filer technigue, The age of the anaerobic Mter was wlso noted in onder 1o
ebserve improvements in the cfficiency of the methane production rates as i
Tunglion of the snaerobie fller nge,
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Fig. 1. Comparison of waler hyacinghdigestion rates and snaerobic Alter age. Legend: & = Libkg
winlel byl inah, new anacrobiv filtee; & o 207 kg water hynomthy 3y ol fileee: 1 = 3ARK kg wiler
Biyicinth, db-day old Rller.

The rutes of methane production for experiments (=5 have been graphically
comparcd in Fig. 2 and 3. Fig. 2 and 3 show a definite improvement in reducing
the lag ime between inftiating anaerobic digestion and producing methane once
the anaerobic filter has been matured through at least one digestion cycle. As
ahown i Fig, 2 for experiments 13, there was further improvement in the per-
formance of the smaerebic filter during the third digestion cycle, thus indicating
that the miciohial Sadamce in Whe anderobie Aler of the fealttive, ueil-Teoming,
and methane-producing bacteria is still changing in onder w ochieve an optimal
Balonee, Afler the anaerobic ilter portion of the system has been sealed and
matured, the filter should never be reopened or replaced unless by socident he
Bacterial balance is irveversibly upset, The amerobic Gller serves is a sepanije
anaerobic bacterial reservoir which has minimal oxygen contact even when the
primary solids chimber is empticd and refilled. The use of o separite vossel for
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o filer assures sustwining o mich, undisturbed snaerobic bacterisl culture Tor in-
peuluting subsequent digestions.

The raw dats for the wial bioges and methane prudmlmn is given in Toable 1.
The digestion tme varied from 21-28 d for the aquatic species with sn average
of 23 i, For the terrestrial specles, the digestion tme vared from 31-33 d with
an average of 33 d. The digestion time has been dramatically reduced by approx-
imately T3 from the previous baich digestions, Therefore, the size of the diges-
tion chambers con be reduced accordingly in order (o generate the same volume
of biogas and methane,

The caleulated results are shown in Table 2. The maximum volume of methane
produced for wiler hiyacinth and woter pennyswort in this study was 0,198 m"kg
(30T 100b) and 0,146 milkg (2,34 [Y1b), respectively. Since the initial anaerobic
lilter nge was approsimately the same, resulis indicote that water hyacinth is
easier o digest anaerobically than water pennywort. This observation is Turther
substuntiated by the dota presented in Table 3, Water hvaeinth has approsimately
iwice as much hemicellulose comtent as the waler pennyworl. Hemicellulose is
i subsiance Tound in plant tissue thit is more complex than o sugar but less
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1 0,223 3. 54 .0 0. 070 1. 13
2 0, 270 R B2, 0 0, 143 2,10
a 0, 356G B, 71 65,0 a, 198 3,17
4 0, 209 4,80 45,4 a, 137 2,18
6 o, 25 4. 05 0T, b a, 14 2. M
i 0. 380 iy 80 £, a, 210 3, 5
T . 314 5, 08 50, B 0. 160 2,69

ib, 421 i, 85 i, 1§ 0, 332 3,70
] IHT a7 54,8 o, 237 370
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complex than cellulose, Therefore, the hemicellulose is generally considered more
amenable 1o bacterial degrodation than cellulose. The lignin coments in the
witter hyacinth and water pennywort did not differ significantly. In faet the lignin
contents of all 4 used in this study were low, In anserobic digestion processes,
lignin 15 considered io be a nonbiodegradable substance which reduces the avail-
ability of the cellulose v bacterial ittack.,

A water hyacintl'duckweed mixture was digested and the results of 0,219 m®
CHy/kg (335 0VIb) were not significantly different from the maximum methane
production obtained with water hyacinth alone, This mixture was selected be-
cuuse witer hyacinth and duckweed are ofien together in i et il waslewater
trentment facilities with water hyacinth dominant in the summer and duckweed
i the winter (MeDonald and Wolverton, 1980, Wolverton and MeDonald, |74},

Since mature filters were used with all kudza digestions, only the raw data are
presented in Table 2. Lower methane production was obtained in experiment 7
thisn with experiments 8 and 9, The avernge methane production from the 2 latier
experiments with kudzu was 0.234 m/kg (3,73 0910) as opposed 1o only 0. 1)

Tamir 4, Prosomia b commosinmns,

T Dy wedghe
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specd s [eretuli Fnt Filigp Anh carbidplralio®
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Wnkd e punnyeorl 5.1 10 1. H 7.4 45.d
LETH T HE dyeli 10 2.0 di.G
Fuilgult 16,3 a1l 1.3 =2 42,1
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m%kg (2,59 (i) for experiment 7, The kudeu vines used in experiment 7 were
longer snd older than those in & and 9, Yines fom the Gelds near NSTL wene
transplunted o experimental growth sites on NSTL und harvesied on o monthly
basis, Therefore, the difference in methane production wias not due to o dilference
in plant species. Longer digestion imes were required with kudizu than the aquatic
species. This wias probably due 1o the higher liber content of kudew (31.3%) as
compared 1o an average content of 15.3% for the 3 aguatic species. The lignin
content of kudzn wis slso slightly higher than the 3 agquatics.

Tuble & shows e gross or proximate composition of the plants prior 1o an-
serobic digestion. Duckweed had the highest ¢rude protein comtent, 3% of dry
weight. Kudzu had the highest fiber and the lowest ash content. Table 5 gives
the nitrogen, phosphorus, and potassium contents of the species on o dry weight
basis. These elements are the most common ones noted in order 1o judge ferlilizer
valwe, During anacrobic digestion, some nitrogen is generally lost, The exient of
denitnification is dependem on the method and care of the anacrobic digestion
i abser e the nitnd C:N matio, The C:N ratios of the species used in this sl y
wre given in Table 5, In general, the lower the ratw, the higher the nitrogeen loss
duie 10w surplus of nitrogen, However, all minerals such as potassium and phaos-
phorus will remuin in the sludge. In fuct, these minerals will be more concentrated
due 1o i reduction in the initial solids content from loss of nitrogen and carbon
in the forms of ammonia, nitrogen gas, methane, and carbon dioxide during the
snierobic digestion, A smiall smouint of solfur sill slso be lost in the Borm of
hydrogen sulfide. Plant composition will vary from site (o site: however, the 3
anualie species were harvested From the siame areas for subsequent experiments,
The kudau compaosition may huve been slightly dilferent between the vines used
inexperiment 7amd those used in expeniments B and ¥, However, any differences,
which were due more 1o the vine age than to the collection site, would probahly
lave been slightly higher cellulose and lignin contents in the older vines.
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